Changes of an exocrine function after major resection of the canine pancreas were observed by pancreozymin-secretin test and the results were compared with an endocrine function examined by glucose tolerance test. The exocrine function of the remnant pancreas revealed characteristic changes according to the resection rate of the pancreas: 1) After removal of 50 to 70 per cent of the entire pancreas, diabetes did not develop and the exocrine function of the remnant pancreas was well maintained.
Introduction
To investigate the pathophysiology after major pancreatic resection, more than 50 per cent of the pancreas was resected in adult to receive complete recovery. Therefore, pathophysiology after major pancreatic resection gives rise to important problems1-7). The pancreas has both the endocrine and exocrine functions, so postoperative states of pancreatectomy are very complex and various kinds of pancreatic insufficiency occurs according to the resection rate. Diabetes results from the endocrine dysfunction. Malabsorption results from the exocrine dysfunction, for pancreas is the organ producing the greatest amount of forceful enzymes to digest nutrients.
Total pancreatectomy causes complete loss of the endocrine and exocrine functions, therefore for favorable postoperative results it is better to leave a small portion of the pancreas than to resect it totally, if possible. The pancreas is also thought to have some reserve capacity against the tissue damage or partial resectionS-10). From this point of view, the function of the remnant pancreas was observed after major resection of the pancreas and the correlation between the endocrine and exocrine functions of the remnant pancreas was discussed.
Materials and Methods
Twenty-four adult mongrel dogs of both sexes weighing 5 to 15 kg were used. Five dogs were used as a control group and the other 19 had pancreatectomy. Through a long midline abdominal incision under Nembutal (sodium pentobarbital 25mg/kg) anesthesia after 24 hour fasting, more than 50 per cent of the pancreas was removed with the main pancreatic duct left intact in the remnant pancreas (Fig. 1) . The resection rate was calculated as the weight of the resected pancreas divided by the weight of the resected pancreas at time of operation plus the weight of the remnant pancreas at time of autopsy. For the purpose of estimating the exocrine function of the pancreas, pancreozymin secretin test (P-S test) was performed under Nembutal anesthesia, before and 3 weeks or more after surgery. On P-S test, two balloon catheters were inserted into duodenum through laparotomy: one in the stomach and the other in the duodenum distal to the opening of the main pancreatic duct. Gastric juice was sucked from the former and duodenal juice (including bile and pancreatic juice) was collected from the latter. One unit of pancreozymin and secretin per kg of body weight was administered by Sun-Shay's method, as follows. Duodenal juice was collected for ten minutes after the administration of pancreozymin, and it was called as the 1st fraction (P1). Then duodenal juice was collected for ten minutes after administration of secretin, and it was called as the 2nd fraction ($1), next 10 min. as the 3rd fraction ($2), next 20 min. as the 4th fraction (Sa) and next 20 min. as the 5th fraction ($4), respectively. Thus the flow rate and amylase output for each fraction were calculated. Because most of P1 consisted of bile, the total flow rate was determined as the C. Morphological examination of the remnant pancreas At time of autopsy, the remnant pancreas was removed and fixed in Bouin's reagent. The specimens were sectioned and stained with hematoxyline-eosin staining, and histological changes in the exocrine pancreas were observed. For some of the remnant pancreas contrast material was injected through pancreatic duct to make pancreatography, and changes of the pancreatic ductal system were investigated.
Results

A.
Changes of the exocrine function of the pancreas On P-S test in 5 normal dogs, constant results were obtained (Table 2) . Flow rate per kg of body weight in normal dogs was 2.66_+0.54ml/kg, total amylase output was 968+152 u/kg. Flow rate per pancreas weight was 1.02_+0.21ml/g and total amylase output per g of pancreas weight was 368_+39 u/g. On the exocrine function after 50 per cent or more resection of the pancreas in 19 dogs, correlation of resection rate with flow rate and total amylase output per kg of body weight and per g of pancreas weight were examined (Table  3 and Fig. 2 ), and compared with the results of Correlation between resection rate of the pancreas and pancreozymin Sccretin response.
GTT. Not only endocrine but also exocrine functions of the remnant pancreas revealed characteristic changes depending on the resection rate of the pancreas. (I) In the five dogs with 50 to 70 per cent pancreatectomy, diabetes did not occur throughout the ]~eriod from 4 to 11 weeks after surgery, showing normal pattern of GTT. As a result of P-S test the flow rate per kg of body weight was 1.66-+0.53 ml/kg and total amylase output was 603-+172 u/kg, both showing a slight decline. The flow rate per g of remnant pancreas weight was 1.18-+0.46 ml/g similar to control group of normal dogs and the total amylase output was 439-+202 u/g, which showed a slight increase. Therefore, not only endocrine function but also exocrine function of the remnant pancreas were well maintained after 50 to 70 per cent pancreatectomy (Fig. 4 ). There were no significant differences between early post-operative stage and later ones (Fig. 
4).
(II) When 70 to 90 per cent of the pancreas was resected, glucose tolerance was maintained within normal range for several weeks after surgery, but it was disturbed and diabetes occurred six weeks or more after the operation. P-S test was performed in 5 non-diabetic and 4 diabetic dogs to examine the exocrine function of the pancreas. The flow rate per kg of body weight was 1.48___0.55 ml/kg in non-diabetic dogs, and 1.15-+0.21ml/kg in diabetic dogs. The flow rate per g of pancreas weight was 1.85_+0.49ml/g in non-diabetic dogs, and 
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A i i 15 20 amylase output per kg of body weight was also less than normal level, and that of diabetic dogs was much lower than non-diabetic group (Fig. 3 and Fig. 5 ). After 70 to 90 per cent pancreatectomy the endocrine function of the pancreas would be correlated to total amylase better than total flow rate. On the contrary, both total flow rate and total amylase output per g of pancreas weight were increased to several times in the non-diabetic dogs, and as great as normal values even in the diabetic dogs ( Fig. $ and Fig. 5 ). No significant differences on these findings between earlier and later stages were observed (Fig. 5) .
(III) When 90 per cent or more of the pancreas was resected, the fasting blood glucose level increased and it was more than 300 mg/dl, and the K value decreased and it was less than 0.9. On P-S test in 5 dogs, total flow rate was 0.53_+0.26 ml/kg of body weight and 1.02_+0.49ml/g of pancreas weight, and total amylase output was 88_+58 u/kg of body weight and 160_+88 u/g of pancreas weight. P-S test responses for this group all decreased and it was much less than normal. Not only endocrine function but also exocrine function were extremely impaired, when the pancreas was removed more than 90 per cent (Fig. 3 and  Fig. 6 ). Therefore, dogs with 90 per cent or more pancreatectomy manifested severe after partial pancreatectomy were divided into three types depending on the extent of resection. When 88 per cent or more of the pancreas was resected, hyperglycemia occurred immediately after surgery (Type 1). However, hyperglycemia did not occur until six weeks when 70 to 88 per cent of the pancreas was removed. In this group, secretion of glucagon from the remnant pancreas was well maintained but the secretion of insulin was easily disturbed after major resection of the pancreas (Type 2). Furthermore, hyperglycemia did not occur when the pancreas was resected less than 70 per cent (Type 3). In the present experiment, changes in exocrine function of the remnant pancreas were investigated by P-S test and results were compared with those of the endocrine function previously reported by Yasugi. As stated above, the exocrine function of the remnant pancreas changed characteristically, well related to the resection rate of the pancreas. It has been previously reported that removal of 90 to 95 per cent of the pancreas did not cause digestive and absorptive impairments, and that digestive and absorptive functions were well maintained even under the presence of only 5 per cent of the entire pancreas using balance study or 13aI-triolein testS.16). However, it must be taken into consideration that there are many other mechanisms for the digestive and absorptive functions of gastrointestinal tract besides the pancreatic exocrine function. Also, testing digestive and absorptive functions by balance study does not always conclusively prove the significance of the pancreatic exocrine function. The effects of pancreatic duct ligation on the digestion and absorption of a randomly labeled 'q4C protein meal" were investigated in the rat by Curtis et a1.17), and it was concluded that the small intestine has the capacity to hydrolyze and absorb nutritionally significant amounts of dietary large molecular-weight protein in the absence of luminar pancreatic enzyme activity. Dimagn ols) reported that in patients suffering from chronic pancreatitis, fat digestion was not clearly impaired and steatorrhea was not present until lipase outputs had been decreased to about 10 per cent of normal. In the present experiment compensatory hypersecretion and reserve capacity of the remnant pancreas were not found, as exocrine function per both body weight and pancreas weight decreased to less than normal level when the remnant pancreas was less than 10 per cent. Following resection of 70 to 90 per cent of the pancreas, exocrine function, especially total amylase output per remnant pancreas weight, increased to several times greater than normal. The remnant pancreas, which is 10 to 30 per cent of the entire pancreas, was demonstrated to be in a hypersecretory state. Therefore exocrine gland of the 9 remnant pancreas is thought to have the great compensatory and reserve capacity. Reserve capacity of the exocrine function was already found in the early post-operative periods such as 3 weeks after surgery. Total amylase output per body weight decreased throughout the observation period of up to 20 weeks. However, Dreiling and his associates reported that one year or more after 80 per cent resection, total flow rate, maximum bicarbonate concentration and total amylase output all increased to levels greater than those of the preoperative condition, and thus indicated the presence of the hypersecretory states of the pancreas after surgery. They also pointed out the mechanisms of the hypersecretion of the exocrine pancreas, which would imply (1) increased sensitivity of the ductular parenchyma to secretin, (2) increased ductular cell mass and hence increased secretory capacity or (3) both increased parenchymal sensitivity and masslg). Tiscornia 20) referred to the pancreatic regeneration on the experiment with ligation of the pancreatic duct and stated that (1) the pancreas had a remarkable ability to regenerate its parenchyma and to recover its exocrine secretory capacity, (2) restoration of duct-to-intestinal continuity or relief of ductular obstruction was important in this regeneration and (3) regeneration appeared to originate in the ductular system and progressed to restoration of acinar tissue and islets. Condorelli et al. 21 ) resected 30 to 50 per cent of the pancreas in 20 dogs, and then sacrificed them at intervals of 5, 15, 30, 60 and 90 days afterward. For the first two months no significant changes were noted, but thereafter a progressive increase in the volume of the gland was observed. On microscopic examination regenerative changes were apparent in all portions of the gland, indicating that partial extirpation could stimulate generalized regeneration. However, Warren 2) found no regenerative changes in the remnant pancreas after 95 per cent distal pancreatectomy for chronic pancreatitis, although this result no doubt reflected the effect of resecting such a large percentage of the pancreas. It is not generally appreciated that the pancreas has this capacity for regeration after partial pancreatectomy. In this study histologically characteristic changes could not be found in the remnant pancreas and pancreatic regenerative ability was not clear. However, after 70 to 90
